mB^mff (jp) 



(12) ^ 



(A) (ummmmmmn 

#112002-44051 
(P2002 -44051A) 
(43)4illH ¥jai4^2^ 8 0(2002.2.8) 



(51) Into.' 
HO 4 J 11/00 
H0 4B 7/06 
7/08 



F I 

HO 4 J 11/00 
H0 4B 7/06 
7/08 



7-73-r(##) 
Z 5K022 
5K0 59 

D 



im« W M^Oftl? OL (i^l4H) 





4$H2001 - 151779( P2001 - 151779) 


(71) USA 


390035493 










(22)mSB 


(2001. 5. 22) 




a> 








AT&T CORP. 


(31)«^^^^ 


60/206 182 




7>IU*-&*B 10013- 2412 na.— 3 


(32)fi3feB 


¥J^12^ 5 ^ 22 B (2000. 5. 22) 






(33)iBj^Effi±3Ba 


*H (US) 




5? 7^'J*X 32 


(3i)«jkts^!e## 


09/791 523 






(32)«5fe0 


JF^13^2^23B(2001.2.23) 




7;*U*-&*a 07733 -i— :;-\'"> 




*S (US) 










(74)f^A 


100064447 








^iht nffi IE* (^ii«) 











(54) MIMOOFDMv-XxA 



(57) 

MIMO OFDMi^Xf A(4, ?4tiL 




a 




(2)^2002-4405 1 ( P 2 0 0 2 -4ch 



[fi^^l] MI MO 0FDMmii<^tliib<7i1jmX' 

Ml em 1 Or- ^ T'n -y m-^a x x/mdM 2 of - ^ 
imjti^T'yri:^(>i.z^tsm^ 1 tiem^o^r 

[ft^Ji 3 ] M M S E K/l^^fflV ^X . B«IB^^^ 

i}>i^ff)mmi,zm^\> ^xmii-^^-^Ji^mmmmi^m. 
^m-rix7-y7'i$(^i>z'ttsm^4izim<^ij 

[ 11*31 7] MI MO OFDMmm<r>fdf)<^-}jWX' 

h-^x. 

wrnhXT-yrb. 
iMfi-ri-xf yrt. 

fzm -k ±^-r h^2 <n^-^m^\m^zmkth 
xy-yrx-h-yx. friemi, Miem2, m^sax 

iXBufem4 co#^?^^l:$<in:fi^{i«-o F D m^p -y 

"mthXTyrt. 



^fifzm^t:. mL(r>'^mryTi'\,zi5\^x^mthx 

T-yrb. 

BulSH 1 Of-rJ'rn -y ^'^■^<7)^j6c^Sfifi-^?:»B!i 
BtriBVIyafe-fb^ii^cll 1 c7)f - ^ -y fl-^tctiv^ 
fiiem2cOf-:5'7'n -y ^'fl'tO^ti^cOgdfi-^^Vfi 

■c wdtmit^m-f hxi-y-Tb. 

fi;tll20f-:J'rn .y ^' j: 0«V^^i■tJ^,®?:WtS b 

vy^m^^Mimitt^xT-yrb tr^t^um, 
imma ] mm'^mim use i;s^< n sjs 

[ mm 9 ] luf Bfi^^b? titim 1 <7)f - >y 
icfi^-fi:i^ii*%^ii-f . mtm 2 c7)f -iJ' -y 

B(iE^fi«^*»4>BfitBlglOf-:J'rn-yi5'fi^S: 

I . mi&^ 2 <7)T- ^ 7-D y ^ m^mmitth 

[ii*Ji 10 3 t'^ \^m.mtm^^hXT >yr$:s <b 
n^tfll*«7f;iBi8<7):^^. 
[11*351 1 ] m.Ltz'm-n^'^^'km\^x . m 

IB^ 1 ct UmS^ 2 c7)f - ^ -y ^ fi-t $r1?-^-fk-r 
hXT^r^^t^ tc^Oii*3a 7 izf Bm<7):fr^, 
[IS*« 1 2 3 H5IBII 1 J;l/BiifEm20f-:?rn 
•y ^' fi-^OM M S Elim^rfir a ;^-f -y r €: $ (^^Z-^tsm 

imii<ztim<^ijm. 

{ mm. 1 3 ] ii!ilB^^c7)gfir y f ^^ti . ^^'Sr < t 
t) 4 *<7)^fir yf Sr-i-tfi«*3g 7 tiBmc?):^^. 
[iil*JSl 4 1 ^■v^vHi®rD7r ^/HffStzS-c^ 

v^T. ^\^^)vmm'&m^:M.?i'\^\fthXT'yr^^ 
h \.z-^tsmm 7 t3iB«J^o:^a, 

[mm. 1 5 ] *ts$ii^cf-A' ^^)i'm^cr>m.M'i^ d 
F T timi-fhXT yrt^t^ \,z^tjtm^ 1 fciB«o 

CIS*35i6 3 mU^mryTi-^zhfZ'^X^mix 

fz'h^^^)vmm.m<^n,i)^zmhw^m-n<n]ti: 1 
hXT yri^h\,z-%!tsn->m 7 i:iBlico:frft. 

[i9*3g 171 M I MO OF T>imm(ntz»xnl}m 

X'hnX. 

n 1 Of - ^yu-y^^^m (nw-mi^^it^titzmn 

^^VcthX^yrb. 
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[000 11 

imnmtmmm] :¥mii±mizmm'^^TJ^ 
izmb. xmmi>zi±. m^^mmmit (ofd 
M) mni^^^Mzm-t^, 

[0002] 

hhtzib. 3m'kmhfz)sb<r)mu^<<r>m^\<z. % 

[0003] 1 ^(TMhKX '^X'r-i^XU. 

■m^(r>i.\^T-'^'m.-k''^->x\^h. ^WM-Wv^ 
^xh^^-n (MI MO) f-^^vL'&j^BKU^o-rsc: 

i^XTUzh\^xy^^^-'y'f^^W^ti>fz)sbf,zhm 

\^htix\^h, i^fir^A*->-T>f{i. mm^m^zmrs 
\^x.hh\ ^\±tt^-nm'>^mt^zx ^xrfo^t tn- 

^mit Lxn^. mmmL'^m^'mt ( o f d m ) 

m.<mmi:if^m7yT-f^m^^x. M I Mo^A-^^ 

^l^^A'^^;uSr^-r«.lA:'Jiai:^) (s i so) vXr 

[0 0 04] Ulii, f-^cOjMft-9-7'$^;^rAt3cJ:l^ 
Sfi^f7">^XTA§:-irtfe!*c7)OFDMv-;^TAl 0$: 

i-')r-^mmtth, ^^it^ivtzf-m. Ay 
9- y -f^fi/x^j^ 1 4 13 J: -?r-f y9- u -t'S 



1/ ^y^yyif^MtAil^'m%m (QPSK) i^yif-^lV^ 

3&^t'# I. . V u r/P/^N°5 w-yi^^j^-if ri^XxA 2 0 

( I FFT) '9-y5^XxA2 2{C^J&$ilSVN-5Wl^T 

[0005] ^^$ii7t:T-^{4. ^N-7Wl'/x'JT;l^ 

2 4 J: o T X 'J T;i^T- h U - a 
iiS, ■r7'i^;?.rA2 6l3J:-3Tj«@fii5*:tjJ:t/f'^-f y 

0{cJ:-5TiMfi$iil>. OFDM>-XrAc7)gfig|53 2 
{4. Sfitfv:0FDMm^*»/i>T-^S:ttai-ri.^«6 

[000 6] ii2{c^^$n.s.j;9(2, '^htix^^hov 

DMi^Xri^l 0(4, 1iiac7)-!^7"x:7 7-f A•5 0$r*■r 
3{4. -t^-T'dfA'UTcOll^i^Sr^-r. iOftfWt: 
(4. locOOFDMT-:5'v->''-K^l-<7)40£7)t;-7'^-v'J 

/miltzim^j:^, 

[0007] lOCO^^^nrv^SOFDMilfij^XTA 

[0 008] ^ti<^x.. imma^ismirzMiMo 

[0009] 

[^Bfl*<)g?^LJ:dh-rsiiii] ^m<^mii. m 
commryri-^-y hiz^ix. ii^uz^m-^tm 

Ji-^. MI MO OFDMi/;?.TA{4. X^9V)V%^ 
OiV^/A^i^ilicOMfi&llfit-ri.. MIMO OFDM 
A(4 . ^-./USIiro 7 r ;U«l«<iSripJ« 

[00 10] 

I MO OFDMjifti^Xf-A{4. ^if![C7)j^fiTyx-f 

f^ya—^\izX'>X2^ffM^\,zmk^1xh, 40C?) 
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^fifzm^m^L. t--y\%^\\.-fh'mxz. mi<r>r- 
xmtkhix^. ^m^tvtzm^\mm\.z^m.^ti. 

MSE) T'MIL. ^com. n^=Fi^m^tiXX/mMi: 

iooii]w^ix=fm^mi>^ti,zi:*). i^x 

[0012] :m^<r>^h[Z%\\<mnXlii. M I MO 
[00 13] 

[0014} ±mz. ^%mi.. M I MOf-\';t-.;l'SrJg 
^W^I.lSSj^^^^S'J^a^ (OFDM) i/XrAS: 

I'ol 

fc/i L P (i^fir y r -^coScti^Ptfe L , H i J [ n , 

<^^^:^;m^jE¥$-^t, Wj [n, k]{i, j# 



[ 0 0 1 5 ] 04(4, §'^<7)TyTi'i:^tm I MO 

ofdmxj^tai oo^^LTtso, ^::-c{4, r 
yT-^{4. 4*c7))lifiT>'T:^TAl~4^^J:t^m^7) 

g^iTyr:^RAl~Pi:LT^$i^S. 4*OjIfir 
yf-^$::^-t^MIMO OFDMi^Xf 

yy'i-cmiiLtiz^x hX'hbo. 

[00161MIMO OFDMi/XrAl OOJi. H 
l<Dr—9fX3'/9h^ [n, k] ^rSlttSlllO^ 
ia-l$^#«STEli:. m20T-:J'7'0.y^'b 

2 [n, k] ^sfi-rsm2os^-i^^??-^^l:SST 

Elt^mth. h-ykkzm'^m^nX'^i. 200 
=g-T-^7'n>y^. {bi [n. k] :k = 0. 
1, . . . } ( i = l*5J:l/2) mii3Xt/m2(7) 
^-^m^mt^ STElfcit^STE2S:aLT. 
^1X^tl2-^<om^ { t2 i + j [n, k] : k = 0. 
K . . . &J = 1, 2> ( i = liDj:t/2) 

tih (jUi-s) . ^^-f-fbsn^c^-fi-^tt. oFDMr 

tmi [n, k] ( i = l 4) IzX-^X. ^ 

mmmy- u x.^m i f f t i ^Ax^muzmz. o 

[0017] ryri-TA 1 ~4 1 i otillli^ii^cm 
^14. ^ftryr-^RAl-RAPtioT^S^fi. 
I.. S^i$ti:^v:fl-tri [n. k]. r2 [n, 

k] rp[n, k] {4-?-il'eWji7-yx 

(FFT) -9-7">'X7^AFFT1— FFTPtlio 
T^m^ii. ^^-i^iaro-fey9-STPt:flt*&$ii-& 
fi-^^^L, ro-b-yHf STP{41tai$fiyifi#ffl?g 
^lt>J;tXm2c7)#^S-B#PBlfI^^l:^STDlfc 

J:VSTD2tfit|^-r-g.. ^^^^;U^N°7^-:?*i^^c 
PE{4, •ecO^^iifvim-^S-SfiL. -eo^^ii/i 

m^'^m^it-tm^zm^^&fzMzm^-mmra-t'y 
^sTPizmtk^tLho 

[00181 ^frSfir yr-^RA l~RAP^Zt5V^•C^ 
fi$ti/v!fi^J4, 4o^M^Sr•&^T'JMm$i^^^i■^<0 

ttia-&;b-ti:TS>0, -^^{4, j = l P<om^ 

izVXTcrt^ ( 1 ) l,zh\<^xmi-^i:i}K'%i>. 

mi] 

ltd) 

[00 19] OFDMm-tCO%^i7)A:>]-tll:'3i7)Mfi 
(4. WTi05«: (2)^(4) (zieK^^il) J: otc'^^ h 

m^xmtzthX'^^. 

[SC2] 
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t{n,h] = H,(a,*]ti(n,*] + Hj(n,*]tj[n,*l + w|n,*], 



5t(2) 



\u[n,k]) \w4n,k]) 



: : 



[00201 mmy^^'^-i^T ^ mm it/mm^ tit: 

T pti . m is i 2 (o^m-mmm^^m s t d i 

[002 1] -mtmmxu. cpeh. ^^^^jvj-^^ 
^ - ^ m^a ct xfWimmi'mmimm-t htzMz 

^;^Jt^^BI±, V. imiiZXl r channel Estination 
for OFDM Systems with Transmitter Diversity in Mob 



Mmtimmmmx'h o . c ( t ) ii^-m\y^ x h =j 
-9--f y:>--f h 7 ^ /i':^x'mfii'th^t ¥X'^ i>m^ 
^iiy§^^tmm^v\^^x'hi. Mnm^t^zmmi 

Tk ( t ) {S, JE^^^ (wide-sense stationar 
y : WS S ) . »J|!{1t^;y'>xrn-lr^T'*) 0 . -e<7) 

(t) co^%m;'3{4^^^^;H@7'o7r-^;P, muf 



= C(/)]^7*(0e--"'^'*; 



Wx^^^X. IJITOSS: (8) HJ:o-C^-rc:i:*i-C'^ 



5C(4) 

ile Wireless Channelsj (IEEE Journal of Selected 
Areas in Comm., Vol. 17, pp.461-471, March 1999) 
aXXPi. U.mzi:h rsimplified Channel Estiiatio 
n for OFDM Systems with Multiple Transmi tAntenna 
sj (IEEE Journal of Selected Areas in Comm. ) iCffi 

[0022] Tf^mwy-i^vx^^r^^jv^ ynjvxim 
(r>WM<-XJ^y¥^W,i. mTOit ( 5 ) i,zX'>XU 
mh^hifiX'^i>. 

[^5 3 



5C(5) 

xfm.m:Mm (tu) \,zm-th. i-^A^Mitm 

[0023] ±%i(D^ ( 5 ) *>^> , ^tizmmm 
mmii. ( 6 ) izt5\>^xaTi>zmtti x a ic^-r 

[|St6] 



[St7 3 



xC(7) 
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^[n. k] ^ BifO'j, *A/) = J2 Aln, l]Wi!.. 



xt(8) 



/A f H.i:-3TA f ;::M(«fntbn-6. l =0> l K„ - i 

5=-vt>;i^Ffi:S:ii [n, I] «, wss. i)4?B=*!!iifi3^.:^':t7X7'D-l:;:^T'^^, -fM- 
*Jl/h [n. 1] cD-T*^7a:/J^3J:6N*}B«Ko «K) ti. 9-f n'U.5^-7-\' t-;P<?) 
iSi£ -/□ 7 7 'f ;P . *il A tt' H T ^MJS-T U T . 



[0024] WJt; iiitt'. ft^l^tiiti. ^^Wt;* 
Btfiifife'fbt. -e^om. (ML) fi^-fk^rfflv^^c: 

[0025] f^^mmtrnmrnz. :^mizi:ixif. 

m 2 Or- -y ^ b 2 [ n , k ] iOJt^^fZ^^-^'ft^ 
iifcfi-^ti, ^icOr-rJ'T'nvi^fi-f-bi [n, k] 

htil. mm^z. '^l<7)T-^ya-yl^h^ [n. k] 
<7)ycA6(C^?-^'fl:$ tlf^m^ii . m 2 COT- ^^'O-y^^m 

-fb2 [n, k] ^:g?tKt. t^-om^itthmz. =^w- 

v|n, k] = Hjln, kjbln, k] + w(n. k) 

^ ( 9 ) <7)Ki^ hMi±%icr>^ ( 2 ) ~ ( 4 ) *>4>#ai 

[0027] V [n, k] ^W*5j:t^l^^W{3a 

S:t (ML) fI^{ktsi:^«T'$)l.. Li)-t^j:t<h. v 
[ n , k ] *<^P^W^3J:lXB#OW(cfflB8*^&l>%&l:: 

MLm^mcotiifyizmiinei^'mmtim^^hti 



[00 26] m2<7)T-:5'7'n'x^'fi-tb 
2 [n. k] {i. m3fcJ:tXII4(0)Iftryr-fTA3 
*5i:l^TA4tcj:-?-CjM^iSaTfc'?. micor-t?/ 

n .y ^fi^b 1 [ n . k ] L, t)>^m.mttm 

fc(tl.T#fi-^v [ n , k ] {5. ^-v^^/UJiBi^^i? 
H2 [n, k] T?^m-^Ofci6<7))Ifi$ill.fi-^'<. 
i?b;l^t2 [n, k] $-J&{t^i5-ti:. ^ix\.zi}^m=^ 
w [ n . k ] S:JP;t^ tcOt^L < . WTcO^ ( 9 ) 

[|!^9] 

5C(9) 

\i.x<'^hixxi6^ . miztm^fih, ^mz. 
■fhtzi^(^mm^^\mm:m^xmm\L^h.h. m& 

\^X^V£.\^>~dry:^\iZ'7^y\^yy^1xh. 
[0028] 
[^h2] 



[iS[io] 

C«6,I«,*]))«i;mIn,*]. 

xt(IO) 

Tty^L, fi/jNJ--^ 'J y KMi, JUT^Oit ( 1 1 ) [Stl 1 ] 

Xlf {12) i,Zii\^X^m^iX^, 
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m\n,k] ^ {T\n,k] - H:(n,*]t,[n,*))''R;'{n,fc)(r[a,t]- H,(n,A:)t,{«,*]) 

ltd 1 ) 



)5xx/ [m2] 

K,[n.k] ^ E{v[n,k\y"[%k]) = H3(n,fc]H?In,*] + <r»I 



^(12) 



^mmzlim(>iiX\^^hX 0 1:. ^T^'JRv [n,k]<7) [0029] ■^(D^k. um\M-t^^tt,zx>o. 
mfmt. T*^-v^-;l^^5^c0ffl2ffiMH2 [n, k] -i? U >y h'SESt^r. ( 1 3 ) ^Zim^til X o iz^m 

H2" [n. k] *^^^ais^i> fi-t^afe-(bfi.^i6 -r^cifc^iT^i.. 

ni(ii,fc} = r''K*]R;'ln.*Mn.*]-tfln.*lHf(n,*lR;;'K*Mn.fc] 



-r*(ii. fcjlCMn, A]H,{n. *]!,{«, it] 

[», iJHj'ln, t]RCMn, *]H, In, i]t,lf», *). 

^l".*J ifeWTCoS: (14) *3ct?j: (If)) 

i5xr/ mi 5] 

L,{n,*)^(H,Hr')"R;M«.*]- 



jt(13) 



KSgfttSst (16) tC*5l^T^-r^ t *^'-C# I. ^ i: *^';b [^16] 

m(n,*l « r*ln,*)R;'i»,*lf(n.*)-t*tn,*lfif{»,*{l,(»,*]rin,») 

a r»(ii,*]li;'(ii.*M«.*l-»{'f«^*lHf[»,*)li[ii.*I 
-r{'(i^*lHiIii,fcHiK*I+»{'k*lHf[«,*lfiifii.Alt,K 

+ Jf,I«,*l-d,(n,tlt,In,*lf. 

ys^^iL mil] 

fi|n,i)iL,|n,*]r|Ti,4 ^^^^^ 
[00301 [J1-43 



^(16) 
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[iai8] 

m^X.mm^Z&^itLtim. 2miiTyTi-i5Xr/2 [OOSIIL, [n, k] t^s^ (19) tCS^^^lSi 
L,(ii,*l « (fi-«[ii,ifcl)^Hi'(n,*JR;'(n,Al. _^ , ^ 



BfMiOfi-^ 1 1 [ n . k ] (DMA-^W-i^-frnM ( M M S fif^ijti^ (20) tciaiE^ixl. J: a t^-rc t i?X'^ 

E ) m^<r)tz^m^(m?f-m\w i " c n , k ] r v s . 

-1 [n. k]{±, T*m^t2 [n. k]^?Pfft [IR201 

£{H{'[n,A]IC»(«.*M».*) (Hf [i..*1R;M».*1v(».*1)*) « Hf (ii,*]R:'K*]Hi(».tl. 

iC(20) 



[00321 i^%mm\<mm\t. ±i^:^Tm^i 

^m^zm^^^x'^o z t ti^x^ h « 

[0033] -'%tmW:'\i. M I MO O F DM i/X 

>y^bi [n, kltiitA'bj [n, k ] ti. ±iE<7)J; 

mi.\i^l<7)f—S':r^^y'^h^ [n, k]i3fcV^Ti^ 

-rJ-ro-y^bs [n, k] 

iEH^ar (Il2i7)) T-:5'7'n-yi?<7)^>;*^<?) 



2 [n. k] c7)7ttf>c7)^-t'fi:$nyifi-f-«±. Sfi^iiit 

^ 7"a -y b , [ n . k ] JrSeiai t . ti^-^U^itth 

[0034]$ 'biC^iJOHSSJg.^T'ti. M I MO OF 
t^V\ T-^ra-y^^m-tSr-eii'fii^tBL, **ofS 
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til. 

[00351 :^%mm\(^mmx'i±. m i m o o f d 
-nsfej^^Tii. mc^mmryTi-^m^^i OF 

jQf)iXTV^&StSM (decision-directed) ^ 

^fcJ;lA'M/-:^y^^i/-iryx{i. Y. ((koffrey) Li 
^ICili r Channel Estimation for OFDM Systems with 
Transmitter Diversity and its Inpact on Hi^-Rate 
Data Wireless Networks j (IEEE Journal of Selecte 
d Areas in Comm., Vol. 17. pp. 461-471, March 199 
9) a^XPi.WM^Z^h rSimplified Channel Estimat 



ion for OFDM Systems with Multiple Transmit Antoin 

asj t:feS{$a&, -e<^ii^$ii^c^^*/U)i®rD7 
[ 0 0 3 6 ] -Slfc. f-^;t^yl^rn7r-f;Ui7)B#^fcj: 

[0037] 
[J'h6] 

1 ] B*^m^*3j;t;«i*««sjw«^ 



>A;l/X^s^ tt« (2 1) tci3V^Ti^ATlc^$ns<fc5ic. 81^7- 

'jxa^^i (DFT) ^m\''^xnmfSLti> 



[fh7] 



xC(21) 



W, ±aB«A <5) (CffiiK^tl, «)t«lge, , [n. 1] tiU^Tt^iC (2 2) 
Testis. 



[22] 

*vln,i) s hij\n,l] + <„{n,/] 

IHeij [n, 1 ] ti, ¥i^ffi0-C'^^(y2 5rW 
Mii. iTFco^ (23) tcfcV^TSS^ii-l.iES'fbSn 



xC(22) 

JtMSE (NMSE) •C'il^^«.C:i:3&*T'i=. 
[SC23] 



xC(23) 



U':>X. f-^^^/l'E^conra^cDNMSEti. ^ (24) [&2 4] 

NMSE, = X^o^ 

^(r>m^. NMSEJis*: (2 5) [^2 5] 



xt(24) 
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im26] 



m27] 



[0038] 

c^i£||AyIn./}||- W8] 

^f?. m»Wt77i'^a, *^ ^■t8i2«^5ns^ (2 6) Ji*$*iScfc3/^C 



it(26) 



g3i^:»;?^fttt7 r ^J' ^ a 1 {±. ^ ( 2 7 ) icfcV^TS 



0( = 



7f^ 



5^ ( 2 7 ) {i. It. ^mryTi'l^Zhti'^X'^i^^tl 



[IS281 



5^(27) 

(28) tcfev^-ca^n-s. 

[fC29] 



xC(28) 



[0039] 



[SC3 01 



5NiEEiM'»./r 

fel ;=1 



[004 0] «i^$ii/v!^i{&fflv^i.i;. ^^:^^)umm 

[00411 



^(29) 

mmm] *^b3cj:^amw^m i mo ofdm^- 
mm (Tu) )ixx/mi)<(r>hmm (UT) mmruy 
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